ABSTRACT
INTRODUCTION
According to a U.S government report, biodiversity, a term coined by internationally renowned scientist E.O. Wilson as a shortened form of "biological diversity," refers to the variety and variability among living organisms and the ecological complexes in which they occur. 1 The basic sciences to identify biological diversity are known as taxonomy, the theory and practice of describing, naming, and classifying all plants, animals, and microorganisms of the world, and systematics, the classification of living things into groups based on their evolutionary origins. Research in these disciplines is most often conducted in natural history museums and botanical gardens in the developed world, which contain rich and extensive collections of flora and fauna, as well as large libraries of the literature that document them. Taxonomists have barely scratched the surface of known species (Godfray 2007; Wheeler 2008) . It is estimated that there are between 5 and 30 million species on the planet, yet only 1.8 million have been identified and described.
In 1992, 150 government leaders signed the Convention on Biological Diversity, which recognized the crucial role of taxonomy in promoting sustainable development. For several years, taxonomists have recognized the need to speed up their work, before expanding populations, environmental calamities, and economic development reduce the wealth of existing species. Their work has value well beyond the act of identification; it has wide use and economic impact for a broad range of applications in agriculture, biodiversity conservation, protected area management, control of invasive species, forestry, plant breeding, disease control, and trade in natural products, including pharmaceuticals (Wheeler 2008 their work among the specimen and literature collections in the industrialized nations. There are few taxonomists to collect and work on the millions of undescribed species in biodiversity-rich but economically poorer countries. 2 And for all taxonomists, access to the relevant literature can be a costly, time-consuming process (Godfray 2007; Minelli 2003) .
More than any other science, the domain of systematic biology is utterly dependent on the historical literature of published descriptions of species; publication in print still determines the legitimacy of naming and credit for new discoveries. Allessandro Minelli writes:
According to current practice, any serious monographic work about a given taxon should include a careful consideration of all previous literature dealing with at least one species belonging to that taxon, regardless of whether it was published last year or in the late 18 th century, whether it is written in English or in Spanish, in Russian, or in Latin. If these works include the description of (the then) new taxa, or have an impact on its nomenclature, they cannot be ignored.
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Minelli describes taxonomic papers as "legal" documents as well as scientific ones, because they describe new species according to rules of distinct international codes. 4 The codes exist to ensure that all taxonomists adhere to principles of priority, which resolves problems caused by the use of homonyms or synonyms in naming. Consequently, taxonomists must consult all relevant literature from Linnaeus onwards to ensure a sound basis for their work.
Technology and the Internet finally provided a way to dissolving the taxonomic impediment, at least in part, through scanning of both the literature and specimen collections so they can be shared with the global scientific community (Godfray 2007 
WHY DO THIS NOW?
The ten BHL member libraries have over two million volumes of biodiversity literature collected for over 200 years to support scientists and students throughout the world. Clearly these libraries together hold a substantial part of the world's published knowledge on biological diversity. While there are several mass digitization projects at major research libraries here and abroad, none have the discipline-specific focus of the BHL partner institutions and may fail to capture significant elements of this biodiversity legacy. Much of the biodiversity literature is highly specialized and often not duplicated even in broad university research collections. Nor 8 are all of them allowing open access to the digitized publications. With its innovative search strategies, the BHL is intended to be "one-stop shopping" for those needing to consult biodiversity literature.
Costs of scanning have fallen considerable and in a high-production mode, the Internet
Archive is projecting a low basic cost of 10 cents a page. The biodiversity literature is a tractable, well-defined scientific domain and has extreme longevity-current taxonomic literature often relies on texts and specimens that are more than 100 years old. ( scientists' approaches to, and use of, the body of natural history literature.
WHAT IS TAXONOMIC INTELLIGENCE?
Scientists use scientific names to find information about organisms. One organism can have many scientific names over time or multiple common names depending on language or region. Additionally, one name might refer to multiple organisms. Thus it can be difficult to retrieve information about an organism even if the current scientific name is known. This problem was addressed by an international project called uBio for Universal Biological Indexer and Organizer. uBio is composed of the Taxonomic Name Server (TNS), which acts as a name thesaurus; NameBank, a repository of over 10.7 million recorded biological names and identifiers that link those names together; and ClassificationBank, which stores multiple 10 Biodiversity Heritage Library, http://www.biodiversitylibrary.org classifications and taxonomic concepts. 11 BHL uses TaxonFinder, a taxonomic intelligence algorithm developed by the collaborators at uBio, to compare the OCR texts with NameBank and identify likely scientific names. Once fully integrated, a researcher will then be able to search the BHL collection using any form of an organism's name (Leary, et al. 2008 ). This will also allow users searching the Encyclopedia of Life web pages to draw in the literature related to the species. 
BUT WHAT ABOUT COPYRIGHT?
In general, the BHL project attempts to keep copyright infringement risk low by tackling the public domain literature first, seeking permissions for digitization, negotiating alternative agreements and moving on when none of these tactics applies. BHL has an opt-in copyright model. The BHL Program Director has opened negotiations with a variety of publishers from small, learned societies to large commercial organizations. As of April, 2008, the BHL has obtained permissions to digitize forty-nine titles from museum and small society publishers. The BHL will digitize the entire run of the publications to the most recent issues, as per the negotiated permissions, and mount them on the BHL portal at no cost to the societies. The files can be reused by the society for its own purposes. 12 The BHL will take responsibility for longterm sustainability of the scanned material. Some aggregators and commercial publishers have expressed interest in alternative agreements, such as providing metadata and OCR files for indexing using taxonomic intelligence tools. 13 Discussions are underway with the Zoological Record and a collaboration with BHL is possible.
BHL GOVERNANCE
The Biodiversity Heritage Library is not incorporated and thus is not a legal entity. 
ERNST MAYR LIBRARY CASE STUDY
The costs of scanning, while low on a per-page basis, are high over the course of the entire project. Thus it was essential to identify ways to minimize duplication of scanning. The 
RESULTS TO DATE
As of April 20, 2008 , there are more than 3.5 million pages, contained in nearly 4,000 titles (more than 9,000 volumes) accessible through the BHL portal. The project has demonstrated that:
• the concept of mass scanning of general collections is possible,
• there are high levels of OCR accuracy in late 19 th and 20 th century printing,
• the taxonomic intelligence (species name finding) across millions of pages against nearly 11 million names in Name Bank is highly effective, and
• administratively separate and geographically disparate institutions can collaborate on a complex, multi-level project and achieve concrete results in a specific knowledge domain.
Most of the literature is in the developed world, in the Northern Hemisphere, but as mentioned earlier, most of the biodiversity is in the developing world and the Southern Hemisphere. One of the most desirable outcomes of the project is to repatriate literature to the originating countries of publication by making it accessible to anyone with an Internet connection. That this is already working is evident from the following message that the Smithsonian Libraries received from a researcher in a natural history museum in Peru:
My deepest gratitude for allowing me access to the digital version of the very rare "Bulletin des Séances de la Société Entomologique de France". It has been very important for my work on the database of the names of the butterflies of the world to be able to consult at leisure this series, which is held by extremely few libraries in the world. I cannot stress enough the importance of having access to electronic versions of the literature, especially to us researchers who cannot benefit from well-endowed institutional libraries. . . . I only wish that there were many more such electronic resources. Please keep up the excellent work! and another from Hawai'i:
Aloha. I live on The Big Island of Hawai'i, a $300.00 plane ride away from Honolulu and the Bishop Museum. Even when I can make it to the Museum (where I study the Hawaiian Bird Skins), they do not have every single bird (moho apicalis, the Oahu moho is missing)….I have been looking for this text for over TWENTY YEARS. Mahalo nui loa for all your hard work. Reading these pages mean so much to me and many others. . . . I cannot thank you enough, nor stress the importance of your website enough. Thank you for putting these items on the web, and in such a findable manner.
The Encyclopedia of Life and other informatics projects are data mining the BHL for information located in the legacy taxonomic literature. A number of learned societies have been attracted by the opt-in copyright model and have given permissions for digitization of current materials. Additionally the project has generated excitement in the international community and many opportunities to develop new partnerships. There has also been support from traditional bibliophile and scientific audiences
WHERE DO WE GO FROM HERE?
As the case study has shown, there are problems to be solved related to scanning and the types of volumes that form the heritage literature of biodiversity. Ultimately, the project must provide "article-level" analysis of serials, which may require some adaptation of existing bibliographic indices of biodiversity literature, as well as the development of automated tools for structural analysis. This development may be combined with the creation of the "union catalog"
to provide "one-stop" access to the literature. Linkages to other data types (e.g., molecular, morphological, phenotype) are key to the overall plan. It will also be necessary to get equal cost efficiencies and speed for special collections and items with fold-outs or that are oversized. Optical Character Recognition (OCR) must improve for older publications and those in non-Roman scripts. It is likely that audiences will be expanded through social networking tools and repurposing content for new audiences.
The BHL was developed for scientists, but the audience will broaden as more tools become available.
The underlying architecture of BHL needs strengthening. The BHL is moving from the .Net application environment to the Fedora Commons architecture. 17 Fedora Commons provides an open source architecture that can manage many forms of digital content. It will allow for an
